The objective of this study was to compare home blood pressure (HBP) vs. ambulatory (ABP) and clinic (CBP) measurements in terms of their association with target-organ damage in children and adolescents. A total of 81 children and adolescents (mean age 13±3 years, 53 boys) referred for elevated CBP had measurements of CBP (1 visit), HBP (6 days) and ABP (24-h). Seventy-six participants were also assessed with carotid-femoral pulse wave velocity (PWV) and 54 with echocardiography. Average CBP was 122.1 ± 15.1/71 ± 12.9 mm Hg (systolic/diastolic), HBP 121.3 ± 11.5/69.4 ± 6.6 mm Hg and 24-h ABP 118.9 ± 12/ 66.6 ± 6.1 mm Hg. Left ventricular mass (LVM) was correlated with systolic blood pressure (BP) (coefficient r¼0.55/0.54/0.45 for 24-h/daytime/nighttime ABP, 0.53 for HBP and 0.41 for CBP; all Po0.01). No significant correlations were found for diastolic BP. PWV was also significantly correlated with systolic BP (r¼0.52/0.50/0.48 for 24-h/daytime/nighttime ABP, 0.50 for HBP and 0.47 for CBP; all Po0.01). Only diastolic ABP and HBP were significantly correlated with PWV (r¼0.30 and 0.28, respectively, Po0.05). In multivariate stepwise regression analysis (with age, gender, body mass index [BMI], clinic, home and 24-h ambulatory systolic/diastolic BP and pulse pressure, clinic, home and 24-h heart rate as independent variables), PWV was best predicted by systolic HBP (R 2 ¼0.22, beta ± s.e. ¼0.06 ± 0.01), whereas LVM was determined (R 2 ¼0.67) by 24-h pulse pressure (beta¼1.21±0.41), age (beta¼2.93±1.32), 24-h heart rate (beta¼À1.27±0.41) and BMI (beta¼1.78±0.70). These data suggest that, in children and adolescents, ABP as well as HBP measurements appear to be superior to the conventional CBP measurements in predicting the presence of subclinical end-organ damage.
INTRODUCTION
Recent evidence suggests that in the last two decades the average blood pressure (BP) in children and adolescents is rising. [1] [2] [3] This change may have important implications in terms of future cardiovascular risk as increased BP levels during childhood predict hypertension in adolescence and early adulthood [4] [5] [6] [7] and are associated with the presence of target-organ damage. [8] [9] [10] [11] [12] [13] As it is the case in adults, the phenomena of white-coat and masked hypertension appear to be common in young individuals. 14 Thus, the diagnosis of hypertension in children is dependent on accurate clinic and out of clinic BP measurements. 15 Reference values for ambulatory BP (ABP) in children are available 16, 17 and accumulating data suggest that this method is more accurate in the diagnosis of hypertension and more closely associated with target-organ damage than the conventional clinic BP (CBP) measurements. 18 On the other hand, home BP (HBP) monitoring is regarded as an easily applicable and useful adjunct to CBP for the assessment of hypertension in adults; however data in children and adolescents are limited. 19, 20 Only recently, reference HBP values in the pediatric population have been published but there is no evidence on their relationship with target-organ damage. 21 This study was designed to compare HBP with ABP and CBP measurements in terms of their association with subclinical targetorgan damage in children and adolescents.
METHODS

Subjects and study design
This study enrolled children and adolescents recruited in the Arsakeion study, a school-based cross-sectional study that evaluated home and clinic BP measurements in 778 healthy children and adolescents aiming to determine the normal range of HBP in the pediatric population. 21 Exclusion criteria were current or previous treatment with antihypertensive drugs, diabetes mellitus, renal, cardiac or other systemic disease, acute illness, evidence of secondary hypertension and BP in the range of stage 2 hypertension in two consecutive clinic visits. Subjects participating in the Arsakeion study with clinic and/or home BP 490th centile were invited to participate in this study that was conducted in a University hospital-based BP Clinic. 21 Children and adolescents referred to the Hypertension Center because of elevated BP were also recruited. A medical history was taken with the assistance of the participants' parents and anthropometric characteristics (weight, height and arm circumference) were recorded. The protocol was approved by the hospital scientific committee and written informed consent was obtained from all participants and/or their parents.
BP measurements
Participants had their BP assessed in the clinic, at home and with 24-h ABP monitoring. Clinic BP was measured in one study visit by two physicians who fulfilled the British Hypertension Society Protocol criteria for agreement among observers in BP measurement. 22 Triplicate BP measurements were performed after 5 min sitting rest and with at least 1 min between recordings, using standard mercury sphygmomanometers (inflatable bladder size 9Â18, 12Â24 or 15Â35 cm according to the individuals' arm circumference) and the average was used in the analysis. Clinic hypertension was defined as CBP systolic and/or diastolic X95th percentile using the existing normative data. 23 Home BP was monitored for 6 routine school days within 2 weeks using automated oscillometric devices Omron 705IT (Omron Healthcare Europe BV, Hoofddorp, The Netherlands; inflatable bladder size 9Â16, 13Â23 or 15Â30 cm where appropriate), which has been validated in pediatric population. 24 Participants, or their parents for younger children, were trained in the conditions of HBP measurement and the use of the electronic devices. They were instructed to take duplicate morning (0600-1000 hours) and evening (1800-2200 hours) HBP measurements after 5 min sitting rest and with 1 min interval between measurements. A form was supplied to the participants to report all their HBP values, which were also downloaded from the devices' memory through computer link. The latter values were used in the analysis. In cases of discrepancy between selfreported and downloaded HBP values, a detailed interview was conducted in order to define those that were representative of the recommended schedule. Home hypertension was defined as home systolic and/or diastolic BP X95th percentile using the normative data from the Arsakeion School study. 21 ABP was monitored on a usual school day before or after the HBP monitoring period (order according to participants' preference and devices availability) using validated oscillometric devices SpaceLabs 90207 or 90217 (SpaceLabs Inc, Redmond, WA, USA, bladder size 9Â16, 12Â23 or 14Â30 cm as appropriate; measurements at 20-min intervals for 24 h). Subjects were instructed to remain still with their arm extended and relaxed during each measurement. Daytime and nighttime periods were defined according to the individual's reported sleeping times. Ambulatory hypertension was defined as average 24-h systolic and/or diastolic ABP X95th percentile. 16 Before each home or ambulatory BP monitoring session, the accuracy of the device was tested against a standard mercury sphygmomanometer in each individual (Y connector, three successive readings) to ensure that there was no consistent difference of 410 mm Hg in measured BP. All clinic, home and ambulatory BP measurements were taken in the same (non-dominant) arm of each individual.
Echocardiography
M-Mode echocardiogram was performed by two observers experienced in pediatric echocardiography. Left ventricular mass (LVM) was determined from standard echocardiographic measurements according to the American Society of Echocardiography (average of three cardiac cycles) of the left ventricular enddiastolic dimension, the intraventricular septal thickness and the left ventricular posterior wall thickness and was calculated using the formula: left ventricle mass (g)¼0.80 [1.04 (intraventricular septal thickness+left ventricular enddiastolic dimension+left ventricular posterior wall thickness) 3 À(left ventricular end-diastolic dimension) 3 ]+0.6 (with echocardiographic measurements in centimeters). 25 LVM was corrected by height in meters at the power of 2.7 to give LVM index (LVMI). 26 
Pulse wave analysis
Carotid-femoral pulse-wave velocity (PWV) was measured in the supine position automatically using the Complior apparatus (Colson, Garges-lesGonesse, Paris France) as previously described. 27 Its determination is based on the simultaneous recording of the pulse wave in the common carotid and femoral arteries by two transducers and is calculated as the distance separating the two transducers divided by the time delay between the onset (foot) of the two recorded waves.
Statistical analysis
Subjects with less than 12 valid HBP and/or 11 valid awake or 7 asleep ABP readings were excluded. All valid home BP readings were averaged to give a single number per individual. Systolic ABP readings o50 mm Hg or 4250 mm Hg BP or diastolic o30 mm Hg or 4150 mm Hg were excluded, as were ambulatory measurements flagged by the software of the monitors as being technically erroneous. Ambulatory readings taken o20 min after the monitor had been attached to subjects were also excluded because these had been taken in the clinic.
Repeated-measures analysis of variance was used for the comparison of BP measurements obtained by different methods in the same subjects and Bonferroni's correction for multiple comparisons was applied where appropriate. Analysis of covariance was performed for between groups' comparisons when adjustment for several factors was necessary. Pearson correlations coefficients (r) were determined for the assessment of the relationship of BP values with indices of target-organ damage and were compared using the z-statistic. Stepwise multiple regression analysis was performed to identify which BP measurement methods best predict target-organ damage. Tolerance and variance inflation factor were used for the assessment of potential multicollinearity among the variables retained in the final regression models. Kappa statistic was applied to assess the agreement between ABP and HBP in diagnosing hypertension. Results are expressed as mean values with s.d. A probability value Po0.05 was considered statistically significant. Statistical analysis was performed using the Statistical Package for Social Sciences software (SPSS release 13.0; SPSS Inc., Chicago, IL, USA).
RESULTS
Participants characteristics
A total of 93 children were recruited. In six children there was a discrepancy between self-reported and downloaded HBP values, and readings for analysis were selected after an interview with the children and their parents. Five children were excluded due to inadequate number of valid HBP readings, three due to inadequate ABP readings, two due to lack of target-organ damage assessment and two due to excessive PWV and LVM values (outliers with values 4200% of the average). Finally, 81 children (35 aged 6-12 years and 46 aged 13-18 years) fulfilled the inclusion criteria and were included in the analysis. Of these subjects, 76 (94%) were assessed with PWV measurements and 54 (67%) had echocardiography. Thirty children had systolic and/or diastolic CBP X95th percentile, 16 had average 24-h ABP X95th percentile and 16 had HBP X95th percentile. The main characteristics of the study participants are presented in Table 1 . The average number of HBP readings was 22.8±2.5, whereas of 24-h ABP readings was 63.7±5.9 (38.7±5.9 for daytime and 25±3.9 for nighttime). Agreement between ambulatory and home BP in diagnosing hypertension was found in 85% of the participants (k¼0.53).
Relationship of BP with target-organ damage
The associations of CBP, HBP and ABP as well as pulse pressure and heart rate with LVM and PWV are shown in Table 2 . HBP and ABP showed consistently higher correlation coefficients with PWV and LVM compared with CBP, although these differences did not reach statistical significance (Table 2 ). Using LVMI, no significant correlations were observed with systolic CBP (r¼À0.14), HBP (0.09) and 24-h ABP (0.06). The linear associations of systolic CBP, HBP and ABP with PWV and LVM are presented in Figure 1 . Hypertensive compared with normotensive children classified on the basis of any of the tested BP measurement methods had or tended to have higher values of PWV and LVM (Table 3) . Stepwise multiple regression analysis was performed with age, gender, body mass index (BMI), clinic, home and 24-h ambulatory systolic/diastolic BP and pulse pressure, clinic, home and 24-h ambulatory heart rate as independent variables, and PWV or LVM as dependent variables (Table 4 ). This analysis showed that PWV was best predicted by systolic HBP, whereas LVM was mainly determined by 24-h ambulatory pulse pressure, age, 24-h heart rate and BMI. In the final models, the lowest observed tolerance was 0.57 and the highest variance inflation factor was 1.75, which ensure the lack of multicollinearity between the used covariates.
DISCUSSION
This study assessed the relationship of different methods of BP measurements with target-organ damage in children and adolescents referred to a BP clinic. The main findings are as follows: (i) strong 140  130  120  110  100  90  160  150  140  130  120  110  100  90  160  150  140  130  120  110  100   90  Clinic BP (mmHg)   160  150  140  130  120  110  100  90  160  150  140  130  120  110  100  90  160  150  140  130  120 110 100 Figure 1 Correlations between different systolic blood pressure measurements and indices of target-organ damage (left ventricular mass and pulse wave velocity).
Home blood pressure in children GS Stergiou et al associations were found among clinic, home and ambulatory BP measurements; (ii) there was satisfactory agreement between home and ambulatory BP in diagnosing hypertension; (iii) ambulatory and home BP measurements were linearly correlated with indices of targetorgan damage and more closely than clinic BP; (iv) when reference values of clinic, home or ambulatory BP values were used, hypertensive compared with normotensive children exhibited adverse targetorgan damage parameters; (v) ambulatory and home BP, but not clinic BP were independent predictors of target-organ damage.
In agreement with previous reports in children and adolescents, awake ABP was higher than clinic and home BP. 28 This is in contrast to the findings in adults and is attributed at least in part to the increased level of physical activity during the day in young individuals. However, all the methods of BP measurements were highly correlated to each other and, in line with previous data, there was agreement between ambulatory and home BP in diagnosing hypertension in 85% of the study participants. 29 All BP measurements were correlated with target-organ damage, that is, PWV and LVM; in this respect, however, ambulatory and home BP showed a consistent superiority compared with CBP. Moreover, in multivariate analyses only ambulatory and home BP appeared to be independent predictors of target-organ damage. The use of ABP monitoring in children and adolescents has gained great publicity in the last years and is regarded as an indispensable method for the diagnosis of pediatric hypertension. 16, 17 Reference ABP values for children adjusted for gender and height or age are available and increased ABP values have been associated with left ventricular hypertrophy, increased carotid intima-media thickness and impaired renal function in young individuals, in most cases to a higher degree compared with CBP. 9, [11] [12] [13] 30 On the other hand, HBP monitoring in children and adolescents is feasible 19 and reference values have been recently published. 21 However, to date, HBP measurements have not been tested in regard to the presence of target-organ damage in children. This is the first study to investigate this association and to report strong correlation of HBP with LVM and PWV, to a similar degree as ABP and stronger than that of CBP. Most importantly, hypertensive compared with normotensive children classified on the basis of HBP had higher values of both LVM and PWV, whereas this difference did not reach statistical significance for LVM when ABP or CBP was used for the diagnosis of hypertension (Table 3 ). However, it should be noted that these differences were attenuated when adjusted for age, gender and BMI (Table 3) .
Left ventricular hypertrophy is the most well established index of target-organ damage of hypertension among young individuals with prevalence among hypertensive children reported from 10 to 46%. 18 However, some studies failed to reveal an independent association of casual and/or ambulatory systolic/diastolic BP with LVMI or the presence of left ventricular hypertrophy, implying that factors such as the duration of hypertension or the characteristics of the study population (age, gender, presence of obesity or other comorbidities) may have an important role. [31] [32] [33] In the present study, LVM was significantly associated with systolic BP (mainly HBP and ABP and less so for CBP), nevertheless, LVMI was not significantly associated with systolic BP irrespective of the method used. This might be attributed, at least in part, to the fact that LVMI is an index corrected for body size, whereas BP (which in the pediatric population greatly varies according to age and body size) was used in the analyses unadjusted. It should be noted that in multivariate regression analysis, 24-h ambulatory pulse pressure along with BMI, age and 24-h heart rate were found to be independent predictors of LVM and accounted for a large proportion of the variance in LVM values, which confirm the results of previous reports. 30 Arterial wall stiffness assessed by PWV appears to have an important role in the development of cardiovascular disease in adults. 34 Despite that no true gold standard has been established in children, the available evidence points to the PWV as the most widely studied, utilized and accepted method for the assessment of the arterial stiffness. 35 Interestingly, in this study PWV was highly correlated with all BP values, implying that indeed hypertension is associated with increased arterial stiffness since young age. Most importantly, in multivariate regression analysis, systolic HBP was found to best predict PWV values as compared with the other methods of BP measurements.
The findings of this study should be interpreted in light of some limitations, such as the relatively small sample size, the lack of information on the duration of the increased BP levels and the cross-sectional design of the study. However, the results of the multivariate regression analyses are reassuring for the superiority of HBP and ABP compared with CBP in the assessment of subclinical targetorgan damage in children, which is in line with similar data in adults. [36] [37] [38] In conclusion, these data suggest that in children and adolescents increased office and out-of-office BP is associated with adverse effects regarding target-organ damage at the level of the heart and the arteries. Moreover, it provides the first evidence that home BP is at least as closely correlated with target-organ damage as ambulatory BP and to a higher degree than clinic measurements. Results as b ± s.e. Age, gender, body mass index, clinic, home and 24-h ambulatory systolic/ diastolic BP and pulse pressure, clinic, home and 24-h ambulatory heart rate were initially included as independent variables (F-to-enter p0.05, F-to-remove X0.10). *Po0.05 w Pp0.01
